can be performed to introduce more flexibility into the design process of new hardware.
The two most commonly used methods of obtaining redesign reliability are probabilistic structural analysis and similarity analysis. 1 The focus of this paper will be on probabilistic structural analysis.
However, similarity analysis will be discussed briefly, and an example of similarity analysis will be provided.
Similarity Method Reliability Predictions
There are many methods and databases available to perform risk predictions using similarity analysis. Some of these methods are based on generic data such as MIL-STD-217 (used for electronic components) and NPRD95 (used for nonelectronic components) while others are based on actual data. 2 Similarity analysis based on actual data will be discussed in this paper.
Similarity Method Requirements
The following requirements should be taken into account to perform effective reliability predictions: For example, two redesigned components both may affect the overall system reliability equally, but the cost of redesigning those two components may be considerably different.
Therefore, an accurate redesign reliability system can be beneficial when allocating funds for various redesign tasks.
Cost and reliability trade studies 1. The predictions must be established within the concept phase of the design.
2. The most similar component must be used as the baseline.
3. All applicable historical data shoutd be used.
The criticality category
for each failure mode must be established and used. Figure 1 shows the previous actuals, the point of estimate, and the delta between the estimate and the new actuals. Prediction within 4% of actual. Figure 3) is a three-level design that is used to fit response surfaces.
Old vs New Control Systems
Points in the design space are systematically chosen for each random variable (_-k_, P., p+k_) where k is a constant such that all main effects, 2-way interactions, and 2 _ order terms can be estimated (See Table 1 ).B A Central Composite design (See Figure 4) is also a 2 r_ order design that is a factorial or fractional factorial design with the addition of center points and star points.
This design therefore has five levels (l_-k_, .cq let, c_, I_+k_) where c_ is the "star" point that is chosen to allow estimation of the 2 nd order terms (See Table 2 .. In the Probabilistic Structural Analysis Example, the input variables were simulated from normal distributions or predicted from regression models to form a distribution of margin of safety (M.O.S.). This distribution was analyzed to determine the probability of having a margin of safety less than zero (which constitutes a failure). Analyzing the resulting failure distribution for margin of safety at zero results in a single probability estimate of failure.
To obtain the uncertainty about this estimate, several methods are proposed.
Hyperparameterizati0n
Each input variable was simulated from a distribution characterized by one or more parameters.
Placing variation on these parameters due to uncertainty and running a Monte Carlo simulation with a different parameter each time would result in a large number of different margin of safety failure mode distributions when finished. Then each failure mode distribution could be analyzed at zero to obtain the probability of failure.
Therefore, a distribution of failure probabilities would be obtained.
For instance, instead of saying that the probability of fracturing a 1-2 Turbine Spacer due to negative margin of safety was 1.0 x 109, it could now be stated that the range of failureprobabilities was between 1.0 x 10 11 to 1.0 x 10Twith 95% confidence. This method seems the most realistic since the designer/engineer may not be 100% confident of the true mean and variation of the minimum and maximum temperatures and stresses. By allowing these parameters to vary, some of the uncertainty that exists in these variables is captured. Figure 8 , first the normal distribution distribution parameters (1_2,a2) for a_o4 (stress at parameters (P_, al) 
